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© Mobile radio communication system having mobile base and portable devices as a mobile station. 



© A mobile radio communication system according 
to the invention comprises a base station to be 
connected with a communication network by way of 
a wired communication path, a mobile base device 
to be connected with the base station by way of a 
first radio channel selected from a plurality of first 
radio channels and a portable device to be con- 
nected with the mobile base device by way of a 
second radio channel selected from a plurality of 
second radio channels. Each of the first and second 
radio channels defined by a radio frequency and a 
time slot. The mobile base device comprises first, 
second and third connection control circuits. The 
first connection control circuit is used to select an 
^ idle first radio channel out of the first radio channels 
O in cooperation with the base station and connect the 
© mobile base device with the base station by the 
^ selected idle first radio channel. The second connec- 
N tion control circuit is used to select a radio channel 
2 having an idle time slot showing a specific relation- 
ship with the first radio channel selected by the first 
O connection control circuit and connect the mobile 
^ base device and the portable device by the selected 
UJ idle second radio channel. The third connection con- 
trol circuit is used to connect the first and second 



radio channels and establish a telephone commu- 
nication path between the base station and the por- 
table device. 




FIG. \ 
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This invention relates to a radio communication 
system to be used as an automobile telephone 
system, a portable radio telephone system or a . 
cordless telephone system and more particularly it 
relates to a radio communication system that en- 5 
ables installation of mobile base devices and porta- 
ble device. 

A cellular type automobile telephone system 
has been known as a mobile ratio communication 
system. Such a system normally comprises a con- w 
trol station, a plurality of base stations and a plural- 
ity of mobile stations, of which the control station is 
connected to a wired telephone network by way of 
a wire communication path. The base stations are 
centered on different radio communication zones. 75 
Each of the mobile stations is connected by a radio 
channel to the base station of a radio communica- 
tion zone where it is currently located and further 
to a wire telephone network by way of the base 
station and the control station. 20 

Such a known system normally employs a so- 
called frequency division multiple access (FDMA) 
technique for connection between a base station 
and each of the mobile stations that belong to it. 
FDMA is a technique with which a number of radio 25 
frequencies are shared by a base station and a 
plurality of mobile stations. For communication be- 
tween a base station and a mobile station, the base 
station picks up an idle radio frequency whenever it 
calls or is called and then, if the call is successful, 30 
the calling and called stations are wirelessly con- 
nected by way of the picked up radio frequency. 
The operation of searching idle frequencies and 
assigning a particular frequency to a calling or 
called base station is conducted by the control 35 
station. 

Now, each of the mobile stations of an auto- 
mobile telephone system is equipped with an auto- 
mobile telephone main unit and peripheral equip- 
ment including a handset assembly. An automobile 40 
telephone main unit comprises radio transmission 
circuits, control circuits and other circuits. A hand- 
set assembly normally comprises a cradle and a 
handset, which by turn comprises a telephone 
transmitter, a receiver and a console unit. A con- 45 
sole unit by turn comprises dial key, hook switch, 
an LCD display and other components. The auto- 
mobile telephone main unit and the handset as- 
sembly are connected by a signal cord. The cradle 
and the handset are connected by a curled cord. 5< 

With such an arrangement, the curled cord can 
constitutes an annoying obstacle when the driver 
drives and speaks into the telephone transmitter 
simultaneously. Moreover, the handset cannot be 
moved away beyond a limit posed by the curled 5; 
wire, meaning that a passenger sitting on the front 



or rear passenger seat is compelled to stand up or 
take a crouching posture if he or she wants to 
speak over the phone. 

While the handset assembly of a conventional 
mobile station is placed within the passenger cabin 
of a car, the automobile telephone main unit is 
normally arranged in the trunk of the car. The 
signal cord connecting the telephone main unit and 
the handset assembly should be carefully arranged 
so as not to aesthetically damage the appearance 
of the car, entailing a troublesome work to be done 
within a narrow space of the car. 

It is therefore an object of the present invention 
to provide a mobile radio communication system 
that wirelessly connects not only between a base 
station and a mobile station but also between a 
mobile station, or a mobile base device, and a 
portable device by a radio channel in order to 
eliminate the necessity of wiring the mobile base 
device and portable device and enhance the ma- 
neuverability of an automobile telephone handset. 

Another object of the present invention is to 
provide a mobile radio communication system that 
can appropriately allocate radio channels for secure 
communication between base stations and mobile 
base devices and between mobile base devices 
and portable devices without causing interference 
and other troubles among radio channels. 

According to the invention, the above objects 
are achieved by providing a mobile radio commu- 
nication system comprising a base station to be 
connected with a communication network by way 
of a wired communication path, a mobile base 
device, to be connected with the base station by 
way of a first radio channel selected from a plural- 
ity of first radio channels, and a portable device to 
be connected with the mobile base device by way 
of a second radio channel selected from a plurality 
of second radio channels. Said mobile base device 
is provided with first, second and third connection 
control means. The mobile base device cooperates 
with the base station to search an idle radio chan- 
nel out of the first radio channels by using the first 
connection means so that the base station and the 
mobile base device are mutually connected by of 
the idle first radio channel. Then, the second con- 
nection means is used to search an idle radio 
channel out of the second radio channels that has 
a cer-tain relationship with the time slot of the 
selected idle first radio channel so that the mobile 
base device and a portable device are mutually 
connected by way of said selected idle second 
radio channel. The third con-nection means is used 
to connect the selected first and second radio 
channels to establish a communication through 
path between the base station and the portable 
device. 



2 



BNSDOCID: <EP 0482S03A2J_> 



3 



EP 0 482 503 A2 



4 



In a mobile radio communication system ac- 
cording to the invention and having a configuration 
as described above, a radio channel can be estab- 
lished not only between the base station and a 
mobile base device but also between a mobile 
base device and a portable device for mutual com- 
munication. If such a system is used for automobile 
telephone, connection between an automobile tele- 
phone main unit that operates as a mobile base 
device and a handset assembly that constitutes a 
portable device does not involve a signal cord nor 
curled cord to consequently enhance the maneu- 
verability of the telephone handset and eliminate 
any possible nuisance to the driver due to the 
curled cord. Moreover, with such a system, a pas- 
senger on the rear seat can speak into the tele- 
phone transmitter of the handset without leaving 
the seat. Since no signal cord needs to be laid 
between an automobile telephone main unit and a 
handset assembly, the work of installing an auto- 
mobile telephone terminal can be significantly sim- 
plified. 

According to the invention, a second radio 
channel is selected as a function of the time slot of 
a selected first radio channel. Therefore, the se- 
lected second radio channel is always appropriate 
for a secure communication path between the base 
station and the portable device and never con- 
stitutes a source of interference and/or other trou- 
bles. 

The effect of a mobile radio communication 
system according to the invention will be particu- 
larly remarkable when the transmission time slot of 
the first radio channel and that of the second radio 
channel are selected with a difference of timing so 
that any two different operations of signal transmis- 
sion may not take place simultaneously in a mobile 
base device and consequently occurrence of any 
undesirable spurious transmission output may be 
effectively avoided. Besides, the peak value of en- 
ergy consumption by a mobile base device may be 
reduced to alleviate the load for power supply. 

A system according to the invention may find a 
variety of applications. In a first conceivable ap- 
plication of a system according to the invention, a 
mobile base device may be constituted by an 
automobile telephone main unit installed in a car 
and a portable device may correspond to a porta- 
ble radio telephone handset to be used with the 
main unit in a mobile radio communication system 
according to the invention. The portable radio tele- 
phone handset is connected with the automobile 
telephone main unit by a radio channel to set up a 
communication channel leading to a telephone net- 
work. It is a known fact that a conventional portable 
radio telephone handset arranged in a car normally 
needs to be taken out of the car and placed some- 
where outside the car or an adaptor should be put 
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to it in order to make it operable relative to a 
matching telephone main unit in the car. A portable 
radio telephone handset of a system according to 
the invention, however, does not require to be 
5 placed outside the car nor does it need an adaptor 
to be put on it to become operable. 

Alternatively in a second possible application 
that uses a system according to the invention for a 
cordless telephone system, a mobile base device 
10 may be constituted by a stationary unit of a code- 
less telephone system while a portable device may 
correspond to a codeless telephone handset. In a 
codeless telephone system, stationary telephone 
units are connected to a telephone exchange by 
;s way of subscribers' wire lines and each of the 
stationary units is connected a handset by way of a 
radio channel. With a system according to the 
invention, additional stationary telephone units can 
be wirelessly connected to a telephone exchange 
20 without incurring any additional cost of installing 
new subscribers' lines and/or removing existing 
subscribers' lines. 

In a third possible application of a system 
according to the invention, a mobile base device 
25 and a portable device may respectively correspond 
to an automobile telephone main unit and a code- 
less telephone handset. With such an arrangement, 
a codeless telephone handset whose service area 
is normally limited to the inside of a home or an 
30 office can be used in a car. 

In preferable embodiment of the invention, a 
mobile base device searches out of the second 
radio channels a plurality of idle radio channels 
having a particular relationship with a single first 
35 radio channel in order to accommodate a number 
of portable devices to be connected to said first 
radio channel whenever such a search operation is 
requested by portable devices. Then, the mobile 
base device is firstly connected with the request 
40 issuing portable device by way of the selected 
respective second radio channels, which are sub- 
sequently connected with the first radio channel. 
With such an arrangement, those connected porta- 
ble device can be branched from a wired telephone 
45 terminal of a telephone network and jointly partici- 
pate in a common telephone talk that takes place 
among the connected terminals. 

In another preferred embodiment of the inven- 
tion, a mobile base device searches out of the 
so second radio channels a plurality of idle radio 
channels to accommodate a number of portable 
devices to be mutually connected whenever such a 
search operation is requested by portable devices. 
Then, the mobile base device is connected with the 
55 request issuing portable devices by way of the 
selected respective second radio channels so that 
any two or more than two portable devices may be 
put through to one another. With such an arrange- 
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ment, portable devices that belong to a mobile 
base device can operate as so many extension 
terminals branched from a local switch board, 
which is in fact a mobile base device. 

In still another preferred embodiment of the 5 
invention, the length of a time slot in a second 
radio channel is made longer than the length of a 
time slot in a first radio channel. In other words, the 
number of time slots comprised in a time frame of 
a second radio channel is made smaller than that jo 
of time slots comprised in a time frame of a first 
radio channel. With such an arrangement, the bit 
rate of data transmitted by way of a second radio 
channel can be set to a relatively low level to allow 
the use of a CPU having a relatively low processing 75 
speed in a portable device. The circuit configura- 
tion of such a portable device can be made rather 
simple to reduce the cost of the station. Since the 
volume of traffic between a mobile base device and 
a portable device is by far smaller than that of 20 
traffic between a base station and a mobile base 
device, a radio channel connecting them does not 
need to have a large channel capacity. Therefore, a 
relatively small number of time slots in a second 
radio channel would not give rise to a channel 25 
shortage condition. 

In a still another preferred embodiment of the 
invention a fixed communication device at least 
capable of caJling other subscribers is connected to 
a mobile base device by way of a cable line for 30 
talking. Such a fixed communication device may be 
operated in different modes, in one possible mode, 
the fixed communication device and a wired tele- 
phone terminal is connected by way of a first radio 
channel and a telephone network. In another possi- 35 
ble mode, the fixed communication device and a 
portable device is connected by way of a second 
radio channel to use the portable device as an 
extension terminal. In still another possible mode, a 
portable device and a wired telephone terminal 40 
connected to a telephone network are mutually 
connected to establish a communication path and 
then a fixed communication device is further con- 
nected to the establish communication path so that 
the three terminals can jointly participate in a tele- 45 
phone talk. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 50 
Fig. 1 is a schematic view of a first embodiment 
of the mobile radio communication system of 
the invention, illustrating its basic concept; 
Fig. 2 is a block diagram showing the configura- 
tion of a portable device of the embodiment of 55 
Fig. 1; 



Fig. 3 is a block diagram showing the configura- 
tion of a mobile base device of the embodiment 
of Fig. 1; 

Fig. 4 is a block diagram showing the configura- 
tion of a base station of the embodiment of Fig. 
1; 

Fig. 5 is a timing chart to be used for selecting 
first and second radio channels in the embodi- 
ment of Fig. 1; 

Fig. 6 is a schematic view of a second embodi- 
ment of the mobile radio communication system 
of the invention, illustrating its basic concept; 
Fig. 7 is a timing chart to be used for selecting 
first and second radio channels in the embodi- 
ment of Fig. 2; 

Fig. 8 is a block diagram showing the configura- 
tion of a mobile base device in a third embodi- 
ment of the invention; and 
Fig. 9 is a block diagram showing the configura- 
tion of a mobile base device in a fourth embodi- 
ment of the invention. 

1st Embodiment 

Fig. 1 shows a schematic view of a first em- 
bodiment of the mobile radio communication sys- 
tem of the invention, which is an automobile tele- 
phone system. 

This embodiment comprises as components a 
number of base stations BSS1 through BSSn and 
mobile stations MSt through MSm. Said base sta- 
tions BSS1 through BSSn are connected to a wire 
telephone network NW by way of respective cable 
lines CL1 through CLn and centered in different 
radio zones E1 through En. Each of the mobile 
stations MS1 through MSm comprises a mobile 
base device MSS and a portable device PSS. The 
mobile base device MSS is connected to a base 
station BSS that covers the radio zone E where it is 
located by way of a first radio channel, whereas the 
portable device PSS is connected to the mobile 
base device MSS by way of a second radio chan- 
nel. 

This embodiment utilizes a FDMA/TDMA tech- 
nique for connection between a base station and a 
mobile base device as well as for connection be- 
tween a mobile base device MSS and a portable 
device PSS. With a FDMA/TDMA technique, a 
number of radio frequencies are shared by a plural- 
ity of stations. These radio frequen-cies has a time 
division signal unit format where a time frame is 
divided into a number of time slots, e.g., six time 
slots TS1 through TS6. When a station tries to call 
another station in this system, the system searches 
an idle radio frequency and then an idle time slot 
of the radio frequency and assigns the selected 
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time slot to the calling and called stations to estab- 
lish a radio telephone communication channel be- 
tween these stations. 

Now, the stationary base stations BSS1 
through BSSn, mobile base devices MSS and por- 
table devices PSS of this embodiment will be de- 
scribed further for their configurations. 

Referring to Fig. 2 showing a block diagram of 
a portable device PSS to be used for the embodi- 
ment, it comprises a transmission system, a recep- 
tion system and a control system. Reference nu- 
meral 40 denotes a power source, which is a 
battery. 

The transmission system comprises a tele- 
phone transmitter 11, a speech encoder (SPCOD) 
12, an error correction encoder (CHCOD) 13, a 
digital modulator (MOD) 14, a multiplier 15, a pow- 
er amplifier (PA) 16, a high frequency switch circuit 
(SW) 17 and an antenna 18. The speech encoder 
12 encodes analog speech signals coming from the 
telephone transmitter 11 into coded signals. The 
error correction encoder 13 detects and corrects 
errors in coded speech signals coming from the 
speech encoder 12 and encoding control signals 
coming from a control circuit 31, which will be 
described later. The digital modulator 14 generates 
intermediate frequency signals and causes them to 
be modulated by encoded speech signals coming 
from the error correction encoder 13 before send- 
ing them out. A method called W4 shifted differen- 
tially encoded quadrature phase shift keying is 
typically used for modulation in the modulator 14. 
Then, in the multiplier 15, intermediate frequency 
signals generated by the digital modulator 14 are 
mixed with local oscillation signals transmitted from 
a frequency synthesizer 32 and then subjected to a 
frequency conversion process to produce radio 
transmission signals having a frequency that 
matches the frequency of the assigned radio chan- 
nel. The power amplifier 16 amplifies the power of 
radio transmission signals coming from the multi- 
plier 15 to a predetermined transmission power 
level. The high frequency switch circuit 17 is a 
switch circuit which is closed only for the period of 
each transmission time slot assigned by the control 
circuit 31. Only in this period, radio transmission 
signals coming from said power amplifier 16 are 
forwarded to the antenna 18, which sends out them 
to a corresponding base station BSS. 

On the other hand, the reception system com- 
prises a receiver (RX) 21, a digital demodulator 
(DEM) 22, an error correction decoder (CH-DEC) 
23, a speech decoder (SP-DEC) 24 and a tele- 
phone receiver or earphone 25. High frequency 
signals received by the receiver 21 in each pre- 
determined time slot are converted for frequency 
into intermediate frequency signals in the receiver 
21. The digital demodulator 22, after establishing 
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bit-synchronization and frame-synchronization for 
the incoming intermediate frequency signals from 
said receiver 21, demodulate them into coded 
speech signals. The information used for bit- and 

5 frame-synchronization in the digital demodulator 22 
is fed to the control circuit 31 . The error correction 
decoder 23 decodes demodulated coded signals 
coming from said digital demodulator for error cor- 
rection. Coded speech signals from said error cor- 

w rection modulator 23 are fed to the speech de- 
modulator 24, while coding control signals from the 
error correction modulator 23 are sent to the con- 
trol circuit 31. The coded speech signals are de- 
coded in the speech decoder 24 to reproduce 

75 analog speech signals, which are sent out of the 
telephone receiver 25 in audible loud voice. 

Finally, the control system comprises a control 
circuit (CONT) 31, a frequency synthesizer (SYN) 
32, a received electric field strength sensor circuit 

20 (RSSI) 33 and a console unit (CU) 34. The fre- 
quency synthesizer generates an oscillation having 
a local oscillation frequency that matches the radio 
channel specified by the control circuit 31. The 
received electric field strength sensor circuit 33 

25 senses the received field strength of the electric 
wave transmitted from the base station BSS it 
belongs and sends signals representing the deter- 
mined field strength to the control circuit 31. The 
console unit 34 comprises transmission switches, 

30 dial keys, a liquid display panel and so on. 

The control circuit is normally a microcomputer 
that comprises a central processing unit (CPU), an 
input port, an output port, a program ROM and a 
data RAM. The CPU executes control operations 

35 according to the programs stored in the program 
ROM. 

Referring to Fig. 3 showing a block diagram of 
a mobile base device MSS, it comprises a first 
transmitter receiver unit 50 and a second 
40 transmitter-receiver unit 80. The first transmitter- 
receiver unit 50 is used for radio communication 
with the base station BSS it belongs by way of a 
first radio channel, whereas the second transmitter- 
receiver unit 80 is used for radio communication 
45 with its portable device PSS by way of a second 
radio channel. 

The first transmitter-receiver unit 50 comprises 
a transmission system, reception system and a 
control system. The transmission system is con- 
so stituted by a register circuit (STR) 51, a speech 
encoder (SPCOD) 52, an error correction encoder 
(CHCOD) 53, a digital modulator (MOD) 54, a multi- 
plier 55, a power amplifier (PA) 56, a high fre- 
quency switch circuit (SW) 57 and an antenna 58. 
55 The register circuit 51 temporarily stores digital 
speech signals sent from the reception system of 
the second transmitter-receiver unit 80, which will 
be described in more detail later. The speech 
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encoder 52 changes the data signaling rate for 
digital speech signals coming from said register 
circuit 51. The error correction encoder 53 detects 
errors in digital speech signals from said speech 
encoder 52 and digital control signals from a con- 
trol circuit 71, which will be described later. The 
digital modulator 54 generates intermediate fre- 
quency signals and causes them to be modulated 
by encoded speech signals coming from the error 
correction encoder 53 before sending them out. A 
method called tt/4 shifted QPSK is typically used 
for modulation in the modulator 54. Then, in the 
multiplier 55, intermediate frequency signals gen- 
erated by the digital modulator 54 are mixed with 
local oscillation signals transmitted from a frequen- 
cy synthesizer 72 and then subjected to a fre- 
quency conversion process to produce radio trans- 
mission signals having a frequency that matches 
the frequency of the assigned radio channel. The 
power amplifier 56 amplifies the power of radio 
transmission signals coming from the multiplier 55 
to a predetermined transmission power level. The 
high frequency switch circuit 57 is a switch circuit 
which is closed only for the period of each trans- 
mission time slot assigned by the control circuit 71. 
Only in this period, radio transmission signals com- 
ing from said power amplifier 56 are forwarded to 
the antenna 58, which sends out them to a cor- 
responding base station BOSS. 

On the other hand, the reception system com- 
prises a receiver (RX) 61, a digital demodulator 
(DEM) 62, an error correction decoder (CHDEC) 
63, a speech decoder (SPDEC) 64 and a register 
circuit (STR) 65. In the receiver 61, high frequency 
signals received by way of the antenna 58 and the 
high frequency switch circuit 57 in each predeter- 
mined time slot are converted for frequency into 
intermediate frequency signals. The digital de- 
modulator 62, after establishing bit synchronization 
and frame-synchronization for the incoming inter- 
mediate frequency signals from said receiver 61, 
demodulates them into coded speech signals. The 
signals used bit- and frame-synchronization are fed 
to the control circuit 71. The error correction de- 
coder 63 decodes demodulated coded signals 
coming from said digital dulator for error correction. 
Coded speech signals from said error correction 
modulator 63 are fed to the speech demodulator 
64, while coding control signals from the error 
correction modulator 63 are sent to the control 
circuit 71. The speech decoder 64 changes the 
data signaling rate for digital speech signals com- 
ing from error correction decoder 63 and the digital 
speech signals whose data signaling rate has been 
changed are temporarily stored in the register cir- 
cuit 65 and then sent out to the second transmitter- 
receiver unit 80. 



Finally, the control system comprises a control 
circuit (CONT) 71 , a frequency synthesizer (SYN) 
72 and a received electric field strength sensor 
circuit (RSSI) 73. The control circuit 71 has a main 
5 control section which is normally a microcomputer 
and execute control operations for connecting a 
base station BSS and a portable device PSS. The 
frequency synthesizer generates under the control 
of the control circuit 71 an oscillation having a local 
to oscillation frequency required for radio communica- 
tion with the base station it belongs. The received 
electric field strength sensor circuit 33 senses the 
received field strength of the electric wave trans- 
mitted from the base station BSS it belongs and 
15 sends signals representing the determined field 
strength to the control circuit 31. 

Like the first transmitter-receiver unit 50, the 
second transmitter-receiver unit 80 also comprises 
a transmission system, reception system and a 
20 control system. The transmission system is con- 
stituted by a speech encoder (SPCOD) 82, an error 
correction encoder (CHCOD) 83, a digital modula- 
tor (MOD) 84, a multiplier 85, a power amplifier 
(PA) 86, a high frequency switch circuit (SW) 87 
> 5 and an antenna 88. The transmission power level of 
the power amplifier 86 is set lower than the trans- 
mission power level of the power amplifier 56 of 
the first transmitter-receiver unit 50. The reception 
system comprises a receiver (RX) 91, a digital 
30 demodulator (DEM) 92, an error correction decoder 
(CHDEC) 93 and a speech decoder (SPDEC). The 
control system comprises a frequency synthesizer 
102 and a received electric field strength sensor 
circuit 103. The frequency synthesizer 102 gen- 
35 erates under the control of the control circuit 71 an 
oscillation having a local oscillation frequency re- 
quired for radio communication with its portable 
device PSS. The received electric field strength 
sensor circuit 103 senses the received field 
40 strength of the electric wave transmitted from the 
portable device PSS and sends signals represent- 
ing the determined field strength to the control 
circuit 71 . 

Finally, referring to Fig. 4 showing a block 
45 diagram of a base station BSS, it comprises, like a 
portable device PSS described above, a transmis- 
sion system, a reception system, a control system 
and additionally a hybrid circuit 111, which is used 
for connecting the transmission system and the 
50 reception system to a cable line CL. 

The transmission system is constituted by a 
speech encoder (SPCOD) 112, an error correction 
encoder (CHCOD) 113, a digital modulator (MOP) 
114, a multiplier 115, a power amplifier (PA) 116, a 
55 high frequency switch circuit (SW) 117 and an 
antenna 118. The speech encoder 112 encodes 
speech signals coming from the wire telephone 
network NW by way of a cable line CL. The error 
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correction encoder 113 detects and corrects errors 
in digital speech signals from said speech encoder 
112 and digital control signals from a control circuit 
131, which will be described later. The digital 
modulator 114 generates intermediate frequency 
signals and causes them to be modulated by en- 
coded speech signals coming from the error cor- 
rection encoder 53 before sending them out. A 
method called W4 shifted QPSK is typically used 
for modulation in the modulator 114. Then, in the 
multiplier 115, signals modulated in said modulator 
114 are mixed with local oscillation signals trans- 
mitted from a frequency synthesizer 132 and then 
subjected to a frequency conversion process to 
produce radio transmission signals having a fre- 
quency that matches the frequency of the assigned 
radio channel. The power amplifier 116 amplifies 
the power of radio transmission signals coming 
from the multiplier 115 to a predetermined trans- 
mission power level. The high frequency switch 
circuit 117 is a switch circuit which is closed only 
for the period of each transmission time slot as- 
signed by the control circuit 131. Only in this 
period, radio transmission signals coming from said 
power amplifier 116 are forwarded to the antenna 
118. which sends out them to a target mobile base 
device out of the mobile base device MSS1 
through MSSm for which it is responsible. 

On the other hand, the reception system com- 
prises a receiver (RX) 121, a digital demodulator 
(DEM) 122, an error correction decoder (CHDEC) 
123, a speech decoder (SPDEC) 124 and a tele- 
phone receiver 125. In the receiver 121, high fre- 
quency radio signals received by way of the an- 
tenna 118 and the high frequency switch circuit 
117 in each predetermined time slot are converted 
for frequency into intermediate frequency signals. 
The digital demodulator 122, after establishing bit- 
synchro-nization and frame-synchronization for the 
incoming intermediate frequency signals from said 
receiver 121, demodulate them into coded speech 
signals. The signals used bit- and frame-synchro- 
nization are fed to the control circuit 1 31 . The error 
correction decoder 123 decodes demodulated cod- 
ed signals coming from said digital demodulator 
122 for error correction. Coded speech signals 
from said error correction modulator 123 are fed to 
the speech decoder 124, while coding control sig- 
nals from the error correction modulator 123 are 
sent to the control circuit 131. The speech decoder 
124 decodes digital speech signals coming from 
said error correction decoder 123 and decoded 
analog signals from said speech decoder 124 are 
sent out to a cable line CL by way of the hybrid 
circuit 111. 

Finally, the control system comprises a control 
circuit (CONT) 131, a frequency synthesizer (SYS) 
132 and a received electric field strength sensor 
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circuit (RSSI) 133. The control circuit 131 has a 
main control section which is normally a microcom- 
puter and executes control operations for connect- 
ing the base station BSS with a first radio channel. 

5 The frequency synthesizer 132 generates under 
the control of the control circuit 131 an oscillation 
having a local oscillation frequency that matches 
the radio channel specified by the control circuit 
131. The received electric field strength sensor 

w circuit 133 senses the received field strength of the 
electric wave transmitted from the mobile base 
device MSS and sends signals representing the 
determined field strength to the control circuit 131. 
The embodiment having a configuration as de- 

15 scribed above operates in the following manner. 

Assume now that a person at mobile station 
MS2 located in radio zone E2 covered by base 
station BSS2 has turned on the call request switch 
on the console unit 34 of the portable device PSS 

20 that belongs to the mobile station MS2. Then, the 
portable device PSS generates a call signal con- 
taining the ID code of the station and sends the 
signal to the mobile base device MSS of the mo- 
bile station MS2 by way of a control channel. 

25 Upon receiving the call signal from the portable 

device PSS, the mobile base device MSS searches 
an idle radio channel to be used for communication 
between itself and the base station BSS. The 
search operation proceeds in the following way. 

30 Firstly, frequency fR1 is selected out of a plurality 
of radio frequencies fRk (k = 1,2, .„) and set in a 
reception mode to see if there is any idle one in its 
time slots TS1 through TS6. If it is found that all 
the time slots TS1 through TS6 of the radio fre- 

35 quency fR1 are busy, then the nest radio fre- 
quency, or frequency fR2, is set in a reception 
mode to see if any of its time slots TS1 through 
TS6 is currently idle. If the answer is no, then 
frequency fR3 is checked for an idle time slot. The 

40 searching operation goes on until an idle time slot 
is found in any of the radio frequencies the mobile 
base device MSS has for signal reception. 

Assume that it is found that radio frequency 
fR1 has an idle time slot as a result of the search 

45 operation. Then, the mobile base device MSS de- 
tects a synchronous word out of the signals being 
received through time slot TS1 which is currently 
busy in the radio frequency 1R1 and determines 
the position of the idle time slot, say time slot TS2, 

so referring to the position of the synchronous word. 
The data for the position of the idle time slot TS2 
as well as the date for the radio frequency fRl are 
stored in the RAM of the control circuit 71. The 
control circuit 72 controls the frequency synthe- 

55 sizer 72 to establish a control channel C-CH and 
generates an originating signal that contains data 
for the position of the idle time slot and those for 
the radio frequency to be used for reception as 

7 
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well as the ID code of the mobile base device 
MSS, which originating signal is then sent to the 
base station BSS by way of the control channel C- 
CH. A preallocated control radio frequency is used 
for the control channel. 

The base station BSS2, or any base station in 
general which is in a standby state, constantly 
monitors incoming call signals from the wired tele- 
phone network NW and call signals originating from 
any of the mobile stations MS1 through MSm it 
covers. If, now, it detects a call signal originating 
from the mobile base device of mobile station MS2 
under this condition, the base station BSS2 gen- 
erates an answer signal containing the ID code of 
the calling mobile base device MSS and sends it to 
the mobile base device MSS by way of the control 
channel C-CH. 

The mobile base device MSS at the other end 
of the control channel C-CH waits for the answer 
signal from the base station BSS2, observing a 
predetermined period of time from the transmission 
of the call signal. If it receives the answer signal 
within the predetermined period of time from the 
transmission of the call signal, it controls the trans- 
mission and reception systems on the basis of the 
stored radio frequency fR1 in such a way that 
signals are sent out only during the allocated trans- 
mission time period of time slots TS2 of the as- 
signed radio frequency fT1 and it receives signals 
only during the allocated time period of time slots 
TS2 of the assigned radio frequency f R1 . 

If, on the other hand, the mobile base device 
MSS does not receive an answer signal with a 
predetermined period of time after the transmission 
of the call signal, it judges that the tried radio 
frequency and time slot are busy and are not 
currently available to establish a telephone channel. 
It then goes on the operation of searching an idle 
time radio frequency and an idle time slot. 

After transmitting the answer signal, the base 
station BSS2 controls its reception and transmis- 
sion systems in such a manner that it operates for 
signal reception during the reception time period of 
time slots TS2 of the assigned radio frequency fT1 
and for signal transmission during the transmission 
time period of time slots TS2 of the assigned radio 
frequency fR1 as shown in Fig. 5. 

Now, the base station BSS2 and the mobile 
base device MSS of the mobile station MS2 are 
mutually connected by way of a first radio channel 
having radio frequencies fT1 and fR1 and time slot 
TS2 available for telephone communication be- 
tween the two stations. 

Once a first radio channel is established be- 
tween the two stations, the mobile base device 
MSS operates to search an idle second radio chan- 
nel that matches the established first radio channel. 
Firstly, it sequentially tries radio frequencies allot- 



ted to it for telephone communication between the 
mobile base device MSS and the portable device 
PSS, say three radio frequencies fRA, fRB and 
fRC, to find out a radio frequency having an idle 
5 time slot available for signal reception. If, for in- 
stance, it is found that radio frequency fRA has an 
idle time slot available for reception, it picks up an 
idle time slot which is in the matching radio fre- 
quency fTA to be used for signal transmission and 
10 located behind the time slot in the reception radio 
channel by a predetermined length of time. The 
predetermined length of time is the time required 
for the mobile base device MSS to transmit a 
digital signal to the portable device PSS by its 
75 second transmitter-receiver unit 80 after receiving 
the signal from the base station BSS2 by its first 
transmitter-receiver unit 50 and can be equal to the 
length of two time slots. Thus, the selection of time 
slots for the signal transmission radio frequency 
20 fTA will be as shown in Fig. 5. 

After selecting the time slot TS2 for signal 
transmission, the mobile portable device MSS gen- 
erates an answer signal that contains data for 
specifying the time slot TS2 and the radio fre- 
25 quency fTA for signal transmission and the ID code 
of the portable device PSS and send it to the 
portable device PSS by way of the control channel. 
After sending the answer signal, it controls its re- 
ception and transmission systems in such a man- 
30 ner that it operates for signal transmission during 
the transmission time period of time slots TS2 that 
follows and signal reception during the reception 
time period of time slots that follows. 

The portable device PSS at the other end of 
35 the control channel waits for the answer signal from 
the mobile base device MSS, observing a predeter- 
mined period of time from the transmission of the 
call signal. If it receives the answer signal within 
the predetermined period of time from the trans- 
40 mission of the call signal, it controls the transmis- 
sion and reception systems on the basis of the 
data for specifying the radio channel contained in 
the answer signal in such a way that signals are 
sent out only during the allocated transmission time 
45 period of time slots TS2 of the assigned radio 
frequency fTA and it receives signals only during 
the allocated time period of time slots TS2 of the 
assigned radio frequency fRA. 

Now, the portable device PSS and the mobile 
so base device MSS are mutually connected by way 
of a second radio channel having radio frequencies 
fTA and fRA and time slot TS2 available for tele- 
phone communication between the two stations as 
shown in Fig. 5. Then, the second radio channel 
55 and the first radio channel that has been estab- 
lished between the mobile base device MSS and 
the base station BSS2 are mutual connected within 
the mobile base device MSS to establish a tele- 
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phone communication path running all the way 
from the portable device PSS and the base station 
BSS2 and using the first and second radio chan- 
nels. The person at the portable device PSS now 
can call the terminal at the other end of the line 
and talk with the person there. 

As it may be understood by the above descrip- 
tion, since not only a base station BSS and a 
mobile base device MSS but also a mobile base 
device MSS and a portable device PSS of the 
present embodiment can be mutually connected by 
way of a radio channel, a cable line or a curled 
cord is not required for connecting the telephone 
main unit and the handset of a mobile station. 
Therefore, a speaker in an automobile equipped 
with such a mobile station is exempt from posi- 
tional as well as postural limitations that used to 
exist with a conventional automobile telephone set 
so that a large degree of freedom of movement is 
allowed to the speaker in the car, which will be 
particularly appreciated in a large vehicle such as a 
chartered bus. 

Moreover, because of the use of a 
FDMA/TDMA technique for radio channels between 
a base station BSS and a mobile base device MSS 
and between a mobile base device MSS and a 
portable device PSS in this embodiment, its capac- 
ity is greatly enhanced in terms of the number of 
stations it accommodates so that it can readily 
adapt itself to situations where a large number of 
candidate subscribers are on the waiting list and 
effectively exploit the limited resource of radio fre- 
quencies available to it. 

The present embodiment has a feature of dif- 
ferentiating the timing of the selected transmission 
time slot of the first radio channel and that of the 
selected transmission time slot of the second radio 
channel so that the two radio channels do not 
operate synchronously to eliminate any possibility 
of generating undesired spurious conditions for sig- 
nal transmission and reduce the peak value of 
energy consumption for the power source. Since 
the feature of timing differentiation is also provided 
for reception time slots, the four radio channels 
involved in a telephone communication between a 
portable device PSS and a base station BSS are 
protected against any mutual interferences to se- 
cure a high quality of radio telephone communica- 
tion. 

2nd Embodiment 

Fig. 6 illustrates the basic concept of a second 
embodiment of the invention. 



It shows a system where a mobile base device 
MSS can be connected simultaneously with two 
portable device PSS1 and PSS2 so that both porta- 
ble devices may share a common terminal at the 

5 other end of the line. 

Assume now that base station BSS2 and mo- 
bile base device MSS are connected with each 
other by way of time slots TS2 of radio frequencies 
fT1 and fR1 and that said mobile base device MSS 

10 and a first portable device PSS1 are connected 
with each other by way of time slots TR3 and TR4 
of radio frequencies fTA and fRA so that the line is 
currently busy. 

If the call request switch of the other portable 

75 device PSS2 is turned on under this condition, the 
portable device PSS2 transmits a call signal to the 
mobile base device MSS by way of the control 
channel. The mobile base device MSS constantly 
monitors incoming call signals except when it re- 

20 ceives radio signals from the first portable device 
PSS1. If the call signal from the second portable 
device PSS2 arrives under this condition, the mo- 
bile base device MSS starts an operation of assign- 
ing a radio channel to the portable device PSS2. 

25 Firstly, the mobile base device MSS searches 
an idle time slot in the reception radio frequency 
fRA when it does not receive radio signals from the 
first portable device PSS1. If it finds an idle time 
slot, it then determines if it is an appropriate time 

30 slot or not. An appropriate time slot here means 
that it is delayed relative to the busy reception time 
slot TS2 of the first radio channel by at least a 
predetermined time length and does come during 
the busy transmission time slot TS2 of the first 

35 radio channel. The predetermined time length here 
means a time length required for the mobile base 
device MSS to receive a signal from the base 
station BSS2 and forward it to the portable device 
PSS2. 

40 Assume here that the mobile base device MSS 
finds that time slot TS5 of reception radio fre- 
quency fRA is idle and appropriate. Then, the mo- 
bile base device MSS generates an answer signal 
containing data necessary to specify transmission 

45 time slot TS4 of transmission radio frequency fTA 
that corresponds to the transmission time slot TS5 
and the ID code of the portable device PSS2 and 
sends the answer signal to the portable device 
PSS2 by way of the control channel. Once the 

so answer signal is sent out, the transmission time slot 
TS4 becomes busy as the currently busy transmis- 
sion time slot TS3. Similarly, the reception time 
slot TS5 becomes busy just as the currently busy 
reception time slot TS4 of the reception radio fre- 

55 quency fRA. 

The portable device PSS2 at the other end of 
the control channel waits for the answer signal from 
the mobile base device MSS, observing a predeter- 
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mined period of time from the transmission of the 
call signal. If it receives the answer signal within 
the predetermined period of time from the trans- 
mission of the call signal, it controls the transmis- 
sion and reception systems on the basis of the 
data for specifying a channel contained in the an- 
swer signal in such a way that it receives signals 
only during the allocated time period of time slots 
TS4 of the assigned radio frequency fTA and sig- 
nals are sent out from it only during the allocated 
transmission time period of time slots TS5 of the 
assigned radio frequency fRA. 

Now, the portable device PSS2 and the mobile 
base device MSS are mutually connected by way 
of a radio channel having a transmission time slot 
TS4 of a radio frequency fTA and a reception time 
slot TS5 of a radio frequency fRA as shown in Fig. 
7. The radio channel is connected with the first 
radio channel that has been established between 
the mobile base device MSS and the base station 
BSS2, to which the radio channel between the first 
portable device PSS1 and the mobile base device 
MSS is already connected. Thus, the terminal at 
the other end of the line can be commonly shared 
by both the portable device PSS1 and the portable 
device PSS2 for telephone communication. 

In other words, the line connecting the base 
station BSS2 and the mobile base device MSS can 
be branched to connect both the portable device 
PSS1 and the portable device PSS2 with the base 
station BSS2. 

As seen from Fig. 7, the number of time slots 
to be used in a time frame of a radio frequency for 
communication between a mobile base device 
MSS and a portable device PSS is smaller than the 
number of time slots in a time frame of a radio 
frequency for communication between a base sta- 
tion BSS and a mobile base device MSS. The 
reason for this is that the line traffic between the 
mobile base device MSS and the portable device 
PSS is lower than the line traffic between the base 
station BSS and the mobile base device MSS and 
therefore a large line capacity is not needed for 
communication between the mobile base device 
MSS and the portable device PSS. With such an 
arrangement, the bit rate for digital data transmis- 
sion can be held low so that a CPU having a 
relatively slow processing speed may be used for 
the control circuit 31 of the portable devices PSS1 
and PSS2 to reduce the cost of the control circuit. 

3rd Embodiment 

In this embodiment, part of a first transmitter- 
receiver unit of a mobile base device for radio 
communication with a base station is used for a 



second transmitter-receiver unit of the mobile base 
device for radio communication with a portable 
devices. 

Fig. 8 shows a block diagram of a mobile base 
5 device of this embodiment. The components which 
are identical with the corresponding components of 
the first embodiment shown in Fig. 3 are indicated 
by same reference numerals. 

The mobile base device of this embodiment 
w has only a control circuit 171, a frequency syn- 
thesizer 172, a reception electric field strength sen- 
sor circuit 173, a transmission-reception multiplier 
155, a power amplifier 156, a high frequency 
switch 157, an antenna 158 and a receiver 161, 
15 which are shared by both the first and second 
transmitter-receiver units. The control circuit 171 
controls the allocation of transmission and recep- 
tion time slots for radio communication with the 
base station and that of transmission and reception 
20 time slots for radio communication with the porta- 
ble device PSS so that the former and latter time 
slots do not come simultaneously. 

Speech encoders 52 and 82, speech decoders 
64 and 94 and register circuits 54 and 65 of the 
25 first and second transmitter-receiver units are re- 
spectively formed as single integral audio codes, 
each of which typically comprises a digital signal 
processor (DSP) 140. 

Assume now that a radio signal is sent out 
30 from the base station by way of a reception time 
slot of a first radio channel. Then, the radio signal 
is received by the receiver 161 by way of the 
antenna 158 and the audio switch 157 during the 
reception time slot and then decoded by digital 
35 decoder 62. The decoded digital signal is then 
corrected for errors by error correction decoder 63, 
converted for speed by the audio decoder 64 and 
temporarily stored in the register circuit 65. The 
digital speech signal stored in the register circuit 
40 65 is read out during transmission time slots al- 
located for the. portable device. The read out digital 
speech signal is then converted for speed by the 
speech encoder 82, corrected for errors by error 
correction encoder 83 and then converted into a 
45 modulated signal by digital modulator 84. The 
modulated signal is mixed with a local oscillation 
signal generated by the frequency synthesizer in 
the multiplier 155 to become a radio transmission 
signal. The power level of the radio transmission 
50 signal is amplified by the power amplifier 156 and 
then transmitted to the portable device by way of 
the high frequency switch 157 and the antenna 
158. The power level of the signal coming out from 
the power amplifier 156 is set to a relatively low 
55 value because of the short distance between the 
mobile base device and the portable device. 
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On the other hand, a radio signal transmitted 
by the portable device by way of a reception time 
slot of a second radio channel is received by the 
receiver 161 by way of the antenna 158 and the 
high frequency switch 157 in said reception time 
slot and then demodulated by digital demodulator 
92. The demodulated digital speech signal is cor- 
rected for errors by error correction decoder 93, 
read out during the transmission time slot for signal 
transmission to the base station and converted for 
speed by the speech decoder 52 before it is cor- 
rected for errors by error correction encoder 53 
and converted into modulated signal by the digital 
modulated 54. The modulated signal is then mixed 
with a local oscillation signal generated by the 
frequency synthesizer in the multiplier 155 to be- 
come a radio transmission signal. The power level 
of the radio transmission signal is amplified by the 
power amplifier 156 and then sent out to the base 
station by way of the high frequency switch 157 
and the antenna 1 58. The power level of the signal 
coming out from the power amplifier 1 56 is set to a 
relatively high value because of the long distance 
that normally exists between the mobile base de- 
vice and the base station. 

In this embodiment, since part of the first 
transmitter-receiver unit for radio communication 
between a mobile base device and a base station 
is used also by the send transmitter-receiver unit 
for radio communication between the mobile base 
device and a portable device and the speech en- 
coders speech decoders and register circuits of the 
two units are respectively formed as single integral 
audio codes, the overall configuration of the mobile 
base device is very simplified so that it may be 
made very compact and light weight. 

4th Embodiment 

In this embodiment, a mobile base device is 
connected with a handset by way of a cord such as 
a curled cord to allow telephone communication to 
take place by way of the handset. Fig. 9 shows a 
block diagram of the embodiment. In Fig. 9, hand- 
set 200 comprises as integral components thereof 
a telephone transmitter 201, a telephone receiver 

202 and a console unit <CU) 203. The console unit 

203 is provided with dial keys, signal transmission 
switches and an LCD unit. On the other hand, 
switch circuits 66, 67 are arranged respectively on 
the input signal path of register circuit 51 and the 
output signal path of register circuit 65 of a first 
transmitter-receiver unit 50*. These switch circuits 
66, 67 operate under the control of control circuit 
71\ 

Assume, for instance, that a request for calling 
a wired telephone terminal of a wire telephone 
network NW is made by means of the console unit 



203 of the handset 200. Then, the switch circuits 
66, 67 are respectively connect the telephone 
speaker 201 and the telephone receiver 202 of the 
handset 200 with the respective register circuits 51, 

5 65 under the control of the control circuit 71'. The 
control circuit 71' then searches an idle first radio 
channel and operates to establish a communication 
path between the wired telephone terminals and 
the handset which plays the role of a subscribers 

10 telephone set. 

On the other hand, when a request for calling a 
portable device is made by means of the console 
unit 203 of the handset 200, the switch circuits 66, 
67 respectively connect the telephone speaker 201 

75 and the telephone receiver 202 of the handset 200 
with speech decoder 94 and speech encoder 82. 
Under this condition, the control circuit 71' search- 
es an idle 2nd radio channel and operates to estab- 
lish a communication path between the handset 

20 200 and the portable device, which plays the role 
of an extension terminal. 

When a portable device is connected with a 
wired telephone terminal by way of a communica- 
tion path including first and second radio channels. 

25 the switch circuits 66, 67 respectively connect the 
register circuits 51, 65 with the speech decoder 94 
and the speech encoder 82. If a request for 
branching the line is made by using the console 
unit 203 of the handset 200 under this condition, 

30 the switch circuits 66, 67 respectively connect the 
telephone transmitter 201 and the telephone re- 
ceiver 202 to the respective communication paths 
that have been established between the register 
circuits 51 , 65 and the speech decoder 94 and the 

35 speech encoder 82 respectively, without discon- 
necting the communication paths under the control 
of the control circuit 71V Consequently, the handset 
200 can be used as a branched terminal. 

If, a request for a three party communication is 

40 made at the console unit 203 of the handset 200 
while two portable devices are being connected, 
the switch circuits 66, 67 connect the telephone 
transmitter 201 and the telephone receiver 202 of 
the handset 200 to the communication path be- 

45 tween the two portable devices to allow a three 
party communication. 

The scope of the present invention is not limit- 
ed by the above described embodiments. For in- 
stance, while a FDMA/TDMA technique is em- 

50 ployed for radio channels connecting base stations 
and mobile base devices as well as mobile base 
devices and portable devices, a FDMA or TDMA 
technique may be used in its place. Moreover, a 
FDMA/TDMA technique may be used for connec- 

55 tion between base stations and mobile base de- 
vices, while a FDMA or TDMA technique us used 
for connecting mobile base devices and portable 
devices. Besides, the frequencies of the first radio 
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channel and those of the second radio channel 
involved in a communication path may have a 
relationship of fTI =fR1 and fTA = fTB, which is 
called a TDD technique or a ping-pong technique. 

While a mobile base device MSS searches an 5 
idle time slot before it transmits signals to a base 
station BSS in any of the above described embodi- 
ments, the present invention is not limited to such 
a mode of operation. In a system according to the 
invention where a number of base stations BSSs 10 
can use radio frequencies assigned to each of 
them, each of the base stations BSSs may search 
idle time slots since it can completely control and 
fully exploit all idle time slots of the radio fre- 
quencies, assigned to it. 75 

While a same method of coding and modula- 
tion is used in both the first and second 
transmitter-receiver units of a mobile base device 
in any of the above described embodiments, a 
more simple method of coding and modulation 20 
may be used for communication between a mobile 
base device and a portable device than for commu- 
nication between a base station and a mobile base 
device because the communication path between 
the mobile base device and the portable device is 25 
normally shorter than the path between the base 
station and the mobile base device and therefore 
the rate of errors in signals due to high speed 
fading phenomena is smaller in the former path. 

While each of the above described embodi- 30 
ments is an automobile telephone system, a sys- 
tem according to the invention may be applied to a 
codeless telephone system that normally com- 
prises stationary units connected to subscribers' 
lines of a wire telephone network and codeless 35 
telephone sets connected to the respective station- 
ary units by way of radio channels, where the 
stationary units corresponds to the mobile base 
devices and the codeless telephone sets corre- 
spond to the portable devices of the above em- 40 
bodiments. Base stations are also provided and 
connected to a wire telephone network. Each of the 
stationary units is connected to one of the base 
stations by way of a first radio channel, whereas 
each of the stationary units is connected to its 45 
codeless radio telephone set by way of a second 
radio channel. With such an arrangement, addi- 
tional subscribers' cable lines are not required for 
candidates on the waiting list and a less costly 
telephone network can be installed. s° 

A system according to the invention may com- 
prise automobile telephone main units that operate 
as mobile base devices and portable radio tele- 
phone sets that operate as portable devices, each 
of the telephone main units being connected with a 55 
corresponding portable radio telephone set by way 
of a second radio channel. Alternatively, codeless 
telephone sets may be used for portable devices. 



Finally, the above described embodiments may 
be modified in terms of the number of time slots 
and the bit rate in a time frame and the circuit 
configuration of the base station, the mobile base 
device and the portable device without departing 
from the scope of the present invention. 

Claims 

1. A mobile radio communication system com- 
prising: 

a base station (BSS2) to be connected 
with a communication network (NW) by way of 
a wired communication path (CL2); 

a mobile base device (MSS) to be con- 
nected with the base station (BSS2) by way of 
a first radio channel (fT1, fR1) selected from a 
plurality of first radio channels, each defined 
by a radio frequency and a time slot; and 

at least one portable device (PSS) to be 
connected with the mobile base device (MSS) 
by way of a second radio channel (fTA, fRA) 
selected from a plurality of second radio chan- 
nels, each defined by a radio frequency and a 
time slot; 

said mobile base device (MSS) including; 
a first connection control means (71), co- 
operated with said base station (BSS2), for 
searching an idle radio channel out of the first 
radio channels and connecting said base sta- 
tion (BSS2) and said mobile base (MSS) de- 
vice by the selected first radio channel (fT1, 
fRl); 

a second connection control means (71) 
for searching an idle radio channel having a 
specific relationship with the time slot of the 
selected first radio channel (fT1, fR1) out of the 
second radio channels and - connecting said 
portable device (PSS) and said mobile base 
device (MSS) by the selected second radio 
channel (fTA, fRA); and 

a third connection control means (71) for 
connecting the first radio channel (fT1, fR1) 
selected by said first connection control means 
(71) and the second radio channel (fTA, fTA) 
selected by said second connection control 
means (71). 

2. A mobile radio communication system accord- 
ing to claim 1, characterized in that said mo- 
bile base device (MSS) searches a plurality of 
idle second radio channels having different 
temporal relationships with the selected first 
radio channel (fT1, fR1) when requests are 
raised for connecting simultaneously a plurality 
of portable device (PSS1, PSS2) with said mo- 
bile base device (MSS), connects said plurality 
of portable devices (PSS1 , PSS2) with said 
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mobile base device (MSS)by the selected plu- 
rality of second radio channels (fTA, IRA), and 
also connects said plurality of second radio 
channels (fTA, fRA) and the selected first radio 
channel (fT1, fR1). 5 

3. A mobile radio communication system accord- 
ing to claim 1, characterized in that said mo- 
bile base device (MSS) searches a plurality of 

idle second radio channels when requests are 10 
raised for connecting mutually a plurality of 
portable devices (PSS1, PSS2) from said plu- 
rality of portable devices (PSS1 , PSS2) and 
connects said plurality of portable devices 
(PSS1, PSS2) and said mobile base device is 
(MSS) by the selected plurality of second radio 
channels (fTA, fRA) and also mutually said 
plurality of second radio channels (fTA, fRA). 

4. A mobile radio communication system accord- 20 
ing to claim 1, characterized in that a time slot 
length of said second radio channels (fTA, fRA) 

is made longer than a time slot length of said 
first radio channels (fT1, fR1). 

25 

5. A method of connecting radio channels of a 
mobile radio communication system compris- 
ing a base station (BSS2) to be connected with 
a communication network (NW) by way of a 
wired communication path (CL2), a mobile 30 
base device (MSS) to be connected with the 
base station (BSS2) by way of a first radio 
channel (fT1, fR1) selected from a plurality of 

first of radio channels, each defined by a radio 
frequency and a time slot, and at least one 35 
portable device (PSS) to be connected with the 
mobile base device (MSS) by way of a second 
radio channel (fTA, fRA) selected from the 
plurality of second radio channels, each de- 
fined by a radio frequency and a time slot, 40 
said method comprising the steps of; 

searching an idle radio channel out of the 
first radio channels and connecting said base 
station (BSS2) and said mobile base device 
(MSS) by the selected first radio channel (fT1 , 45 
fRi); 

searching an idle radio channel having a 
specific relationship with the time slot of the 
selected first radio channel (fTl , fR1) out of the 
second radio channels and connecting said 50 
portable device (PSS) and said mobile base 
device (MSS) by the selected second radio 
channel (fTA, fRA); and 

connecting the selected first radio channel 
(fT1, fR1) and the selected second radio chan- 55 
nel (fTA, fRA). 



6. A mobile base device comprising: 

a first communication means (50) for com- 
municating with a base station (BSS2) con- 
nected to a communication network (NW) by 
way of a wired communication path (CL2) by a 
first radio channel (fTl, fR1) selected from a 
plurality of first radio channels, each defined 
by a radio frequency and a time slot; 

a second communication means (80) for 
communicating with at least one portable de- 
vice (PSS) by a second radio channel (fTA, 
fRA) selected from a plurality of second radio 
channels, each defined by a radio frequency 
and a time slot: 

a first connection control means (71), co- 
operated with said base station (BSS2), for 
searching an idle first radio channel out of said 
plurality of first radio channels and connecting 
the base station (BSS2) and said first commu- 
nication means (50) by the selected first radio 
channel (fT1 t fR1); 

a second connection control means (71) 
for searching an idle second radio channel 
having a specific relationship with the time slot 
of said first radio channel (fT1, fR1) selected 
by the first connection control means (71) and 
connecting said portable device (PSS) with 
said second communication means (80) by the 
selected second radio channel (fTA, fRA); and 

a third connection control means (71) for 
connecting the signal path of said first commu- 
nication means (50) and the signal path of said 
second communication means (80). 

7. A mobile base device according to claim 6, 
characterized in that said second connection 
control means (71) searches an idle second 
radio channel (fTA, fRA) having an idle trans- 
mission time slot temporally shifted with the 
transmission time slot of said selected first 
radio channel (fT1 t fR1). 

8. A mobile base device according to claim 6, 
characterized in that part or whole of said 
second communication means (140) is shared 
by said first communication means (1 40). 

9. A mobile base device according to claim 6, 
characterized in that the transmission power 
level of said second radio channel is set to a 
value lower than that of the transmission power 
level of said first radio channel. 

10. A mobile base device according to claim 8, 
characterized in that means are provided for 
variably controlling the transmission power lev- 
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el of the shared communication means for the 
first radio channel and the second radio chan- 
nel (fTA, fRA). 

11. A mobile radio communication system com- 
prising: 

a base station (BSS2) to be connected 
with a communication network (NW) by way of 
a wired communication path (CL2); 

a mobile base device to (PSS) be con- 
nected with the base station (BSS2) by way of 
a first radio channel (fT1, fFM) selected from a 
plurality of first radio channels, each defined 
by a radio frequency and a time slot; 

at least one portable device (PSS) to be 
connected with the mobile base device (MSS) 
by way of a second radio channel (fTA, fRA) 
selected from a plurality of second radio chan- 
nels, each defined by a radio frequency and a 
time slot; and 

a fixed communication device (200) to be 
connected with said mobile base device (MSS) 
by wired lines; 

said mobile base device (MSS) including; 
a first connection control means (7V), co- 
operated with said base station (BSS2), for 
searching an idle radio channel out of the first 
radio channels and connecting said base sta- 
tion (BSS2) and said mobile base device 
(MSS) by the selected first radio channel (fT1, 
fRl); 

a second connection control means (71 ') 
for searching an idle radio channel having a 
specific relationship with the time slot of the 
selected first radio channel (fT1 , fR1) out of the 
second radio channels and connecting said 
portable device (PSS) and said mobile base 
device (MSS) by the selected second radio 
channel (fT1, fRA); and 

a third connection control means (7V) for 
selectively at least two of connecting the first 
radio channel (fT1, fR1) selected by said first 
connection control means (7V), the second 
radio channel (fTA, fRA) selected by said sec- 
ond connection control means (7V), and said 
fixed communication device (200) to each oth- 
er. 

12. A mobile radio communication system accord- 
ing to claim 11, characterized in that said mo- 
bile base device (MSS) searches an idle first 
radio channel (fT1, fRl) by said first connec- 
tion control means (71') when a request is 
raised by said fixed communication device 
(200) for connecting said fixed communication 
device (200) and said base station (BSS2) and 



connects the selected idle first radio channel 
(fTl, fRl) and the wired line of said fixed 
communication device (200). 

5 13. A mobile radio communication system accord- 
ing to claim 11, characterized in that said mo- 
bile base device (MSS) searches an idle sec- 
ond radio channel (fTA, fRA) by said second 
connection control means (7V) when a request 

to is raised by the portable device (PSS) or the 

fixed communication device (200) for connect- 
ing the portable device (PSS) and the fixed 
communication device (200) and connects the 
selected idle second radio channel (fTA, fRA) 

75 and the wired line of said fixed communication 

device (200). 

14. A mobile radio communication system accord- 
ing to claim 1 1 , characterized in that said mo- 

20 bile base device (MSS) connects the commu- 

nication path connecting the said first and sec- 
ond radio channels with the wired line of said 
fixed communication device (200) when a re- 
quest is raised by said fixed communication 

25 device (200) for establishing a branched con- 

nection while said base station (BSS2) and 
said portable device (PSS) are connected by 
said first and second radio channels. 

30 15. A mobile radio communication system com- 
prising: 

a base station (BSS2) to be connected 
with a communication network (NW) by way of 
a wired communication path (CL2); 
35 a mobile base device (MSS) to be con- 

nected with said base station (BSS2) by way of 
a first radio channel (fT1, fR1) selected from a 
plurality of first radio channels; and 

a portable device (PSS) to be connected 
40 with said mobile base device (MSS) by way of 

a second radio channel (fTA, fRA) selected 
from a plurality of second radio channels; 
said mobile base device (MSS) including; 
means (71) for searching an idle first radio 
45 channel (fTl, fR1) out of the first radio chan- 

nels capable of satisfying specific conditions; 

means (71) for searching an idle second 
radio channel (fTA, fRA) out of the second 
radio channels having a specific relationship 
so with said selected first radio channel (fTl, fR1); 

and 

means (71) for connecting said selected 
first and second radio channels to establish a 
radio communication path between said base 
55 station (BSS2) and said portable device (PSS) 

via said mobile base device (MSS). 
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16. A method of connecting radio channels of a 
mobile radio communication system compris- 
ing a base station (BSS2) to be connected with 
a communication network (NW) by way of a 
wired communication path (CL2), a mobile 5 
base device (MSS) to be connected with the 
base station (BSS2) by way of a first radio 
channel (fT1, fR1) selected from a plurality of 
first radio channels and a portable device 
(PSS) to be connected with said mobile base io 
device (MSS) by way of a second radio chan- 
nel (fTA, fRA) selected from the second radio 
channels comprising the steps of: 

searching an idle first radio channel out of 
the first radio channels capable of satisfying 15 
specific conditions; 

searching an idle radio second channel out 
of the second radio channels having a specific 
relationship with said selected first radio chan- 
nel; and 20 

connecting said selected first and second 
radio channels to establish a radio communica- 
tion path between said base station (BSS2) 
and said portable device (PSS) via said mobile 
base device (MSS). 25 
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